We present a photometric and spectroscopic study of a reddened type Ic supernova (SN) 2005at. We report our results based on the available data of SN 2005at, including late-time observations from the Spitzer Space Telescope and the Hubble Space Telescope. In particular, late-time mid-infrared observations are something rare for type Ib/c SNe. In our study we find SN 2005at to be very similar photometrically and spectroscopically to another nearby type Ic SN 2007gr, underlining the prototypical nature of this well-followed type Ic event. The spectroscopy of both events shows similar narrow spectral line features. The radio observations of SN 2005at are consistent with fast evolution and low luminosity at radio wavelengths. The late-time Spitzer data suggest the presence of an unresolved light echo from interstellar dust and dust formation in the ejecta, both of which are unique observations for a type Ic SN. The late-time Hubble observations reveal a faint point source coincident with SN 2005at, which is very likely either a declining light echo of the SN or a compact cluster. For completeness we study ground-based pre-explosion archival images of the explosion site of SN 2005at, however this only yielded very shallow upper limits for the SN progenitor star. We derive a host galaxy extinction of A V ≈ 1.9 mag for SN 2005at, which is relatively high for a SN in a normal spiral galaxy not viewed edge-on.
Introduction
Core-collapse supernova (CCSN) explosions are highly energetic and terminal events that end the life cycles of some of the most massive stars (M 8M ⊙ ). In the commonly used SN classification scheme, CCSNe are divided into type II SNe and type Ib/c SNe based on the presence or absence of hydrogen in their spectra, respectively. Type Ib/c SNe are furthermore divided similarly into type Ib and Ic classes based on the presence or absence of helium in their spectra, respectively. For a review of the classification summary, see Filippenko (1997) .
Classically, the progenitors of type Ib/c SNe have been thought to be Wolf-Rayet stars that have lost their outer envelopes because of strong stellar winds (see Crowther 2007, for a review). Whereas progenitor detections from pre-explosion high-resolution images have robustly shown type IIP SNe to originate from red supergiants, type Ib/c SN progenitors have evaded confirmed identifications (Smartt 2009; Eldridge et al. 2013) . Recently, Cao et al. (2013) have found a progenitor candidate from deep pre-explosion images that is consistent with a single Wolf-Rayet star for the type Ib SN iPTF13bvn. However, based on hydrodynamical modelling of the SN both Fremling et al. (2014) and Bersten et al. (2014) have suggested a progenitor with significantly lower mass. Furthermore, Bersten et al. (2014) performed binary evolution calculations showing that the pre-SN photometry was compatible with a low-mass progenitor. In fact, it is likely that the less massive stars can lose their outer envelopes owing to binary interaction (e.g. Podsiadlowski et al. 1992) , and these systems can form an alternative progenitor channel for type Ib/c SNe. There are also arguments from relative SN rates (e.g. Smith et al. 2011; Eldridge et al. 2013 ) and SN ejecta masses (Lyman et al. 2014 ) that a high percentage of stripped envelope SNe come from binary systems. Furthermore, recent statistical studies (Anderson et al. 2012; Kangas et al. 2013 ) of the association between different CCSN types and the host galaxy emission have suggested similar progenitor masses for type II and type Ib SNe and significantly higher masses for the progenitors of type Ic SNe.
During the past 20 years only five type Ib/c SNe have been discovered within 10 Mpc: the normal (i.e. non-broad line) but somewhat fast evolving type Ic SN 1994I (e.g. Richmond et al. 1996) , the broad-lined type Ic SN 2002ap (e.g. Foley et al. A&A proofs: manuscript no. aa 2003), the normal type Ic SN 2005at (Martin et al. 2005) , the normal type Ic SN 2007gr (e.g. Hunter et al. 2009 , and the normal type Ic SN 2012fh (Nakano et al. 2012) classified at a late stage. Discoveries of nearby SNe offer excellent opportunities for detailed multi-wavelength follow-up campaigns and studies of these events.
Here we study the type Ic SN 2005at and report the available data. In Sect. 2 SN 2005at is introduced, the optical and radio observations are described in Sect. 3 and analysed in Sect. 4. The late-time Spitzer Space Telescope and Hubble Space Telescope (HST) observations of SN 2005at are investigated in Sect. 5 and the explosion site is studied more closely in Sect. 6. Conclusions are given in Sect. 7. Martin et al. (2005) Schmidt & Salvo (2005) with a spectrum obtained on 2005 March 19.77 UT, concluding the SN to be a type Ic event two weeks past maximum light and spectroscopically similar to SN 1994I. The authors also note the red colour of the spectrum. Perna et al. (2008) made use of the Swift/XRT X-ray upper limit of SN 2005at (L 2−10 keV < 3.0 × 10 38 erg s −1 on 2006 November 31) in their statistical sample of 100 CCSNe to study the intial spin periods of neutron stars. Due to the non-detection in X-ray the nature of the compact remnant (a neutron star or a black hole) is unclear and therefore constraints on the progenitor cannot be placed using these data. SN 2005at is located in the nearby southern, grand design spiral galaxy NGC 6744 with an inclination of 50
SN 2005at in NGC 6744
• ± 4
• (Ryder et al. 1999) , and despite its proximity it has not been studied extensively. NGC 6744 is an extended and barred SAB(r)bc type galaxy which hosts a central ring structure (de Vaucouleurs 1963) . The galaxy is isolated and the only prominent companion it has is an irregular dwarf galaxy NGC 6744A of IB(s)m type, interacting with NGC 6744 (Ryder et al. 1999) . We also note that no other SN has been reported in this galaxy.
For the distance of NGC 6744 we adopt 9.5 ± 0.6 Mpc (via the Extragalactic Distance Database; 1 Tully et al. 2009 ) measured by Jacobs et al. (2009) with the tip of the red giant branch (TRGB) method (Lee et al. 1993) . The derived distance is based on a HST F606W−F814W vs. F814W colour-magnitude diagram of NGC 6744. At this host galaxy distance the projected distance of SN 2005at to the optical nucleus of the NGC 6744, located at α = 19 h 09 m 46 s .1 and δ = −63 • 51 ′ 27 ′′ . 1 (J2000.0; via NED), corresponds roughly to 6.1 kpc. Ryder (1995) studied some of the most luminous H ii regions of NGC 6744 and reported super-solar metallicities in the region denoted n6744p1a2, with a projected distance of ∼1.5 arcmin (∼4 kpc) from the explosion site of SN 2005at, and at a similar radial distance from the host galaxy centre. Recently, Pilyugin et al. (2014) Due to reasons such as high line-of-sight extinction, position on the sky or host galaxy type, some nearby SNe end up being neglected or even completely lost, see e.g. the late-time archival discovery of SN 2008jb (Prieto et al. 2012 ). To our knowledge no detailed follow-up campaign of SN 2005at was ever carried out. However, we have made use of the available archival data of the SN to study its nature and report these data here. We expect this to be very useful for statistical studies of SNe, which use the parameters of the nearby SNe for calibration. Due to the small distance of SN 2005at, it has already been included in several studies of CCSN rates Horiuchi et al. 2011 Horiuchi et al. , 2013 Botticella et al. 2012; Mattila et al. 2012) with the aim to make use of a local and as complete as possible, volume-limited sample of CCSNe. In particular, complete studies of nearby CCSNe are critical for deriving reliable extinction corrections for CCSN rates from the local Universe to cosmological distances Mattila et al. 2012; Melinder et al. 2012 ).
Follow-up observations

Optical imaging
We carried out an unfiltered imaging follow-up of the SN from the discovery, at the Bronberg observatory with the Meade 30 cm LX 200 telescope and SBIG ST-7XME CCD camera, and reported the preliminary photometry 2 using an R-band zeropoint. Unfortunately, most of the original image files, covering photometry over three months from discovery, have been lost and we have only managed to recover three epochs of the data, i.e. March 19.1, April 17.1, and June 18.1.
We monitored SN 2005at for about three weeks in April 2005, with nightly observations at the Danish 1.54-m telescope in La Silla, Chile with the Danish Faint Object Spectrograph and Camera (DFOSC; Andersen et al. 1995) in UBVRI.
The DFOSC images were reduced using the QUBA 3 pipeline. The pipeline makes use of IRAF 4 tasks and the reductions included standard bias subtraction and flat field correction steps. The QUBA pipeline was also used to carry out the photometry of SN 2005at. A selection of photometric nights in La Silla were identified based on multiple epochs of photometric standard star field (Landolt 1992) observations. The standard star observations in photometric conditions were used to derive instrumental zeropoints for DFOSC and from those, magnitudes E. Kankare et al.: SN 2005at -A neglected type Ic supernova at 10 Mpc Table 1 , were calculated. The standard star observations were also used to derive the average colour terms for the DFOSC filters used. The photometry of the SN was carried out in the pipeline as point spread function (PSF) fitting photometry, making use of the daophot tasks in IRAF. The PSF shape in the images is derived from the local sequence stars. The photometry includes simultaneous fitting of the SN and possible nearby stars contaminating the photometry, fitting the background (and foreground) at the SN line-of-sight, and aperture correction. We note that for the U band in particular, careful background fitting and nearby source fitting was crucial, as the SN exploded close to a blue extended source, likely a nearby H ii region. The error on the SN photometry is estimated to be the standard deviation of photometry of nine artificial stars placed in the image in different locations near the SN position. The reported total error is the quadrature sum of this standard deviation and the standard error of the mean of the sequence star zeropoint.
In a similar way to the DFOSC images, we carried out with the QUBA pipeline PSF-fitting photometry of the available unfiltered Bronberg observatory images, calibrating them to the Rband magnitudes. With the April 17.1 image we find good agreement with the DFOSC R-band photometry and when comparing the photometry of the three measured epochs of Bronberg data, we find a systematic offset of roughly +0.1 mag compared to the reported measurements. Such a systematic offset is likely to be explained by host galaxy background, arising from the spiral arm structure, contaminating the photometry of the SN. For epochs where the photometry was not re-visited, we apply this systematic shift to the initial measurements and estimate the error of photometry to be roughly ±0.1 mag. After the correction of the reported photometry, we find the Bronberg data to be quite consistent with our DFOSC photometry over the whole period of overlap. The final photometry is reported in Table 2 , and presented in Fig. 2 . The red colour of the SN suggests relatively high host galaxy extinction and this is studied further in Sect. 4.1.
Spectroscopy
The classification spectrum of SN 2005at (Schmidt & Salvo 2005) was obtained on JD = 2453449.27 with the Dual-Beam Spectrograph (DBS; Rodgers et al. 1988 ) at the Australian National University (ANU) 2.3 metre telescope, located at the Siding Spring Observatory. The observations consisted of 300 s exposures obtained with both the blue and the red arm of the instrument using gratings B300 and R316, respectively. The spectra were reduced using standard methods, wavelength calibrated with internal NeAr lamp spectra, and flux calibrated with spectra of the spectroscopic standard EG 131 (Bessell 1999) . The combined spectrum covers the whole optical region with a wavelength range of 3300−10200 Å, and is discussed further in Sect. 4.2. To our knowledge this is the only spectrum obtained of SN 2005at.
Radio observations
Two epochs of radio observations for SN 2005at were obtained at the Australia Telescope Compact Array (ATCA). Over the course of 9 h on 2005 March 30 UT (JD = 2453460) four of the six antennas were used in the 6A array configuration to observe SN 2005at, with frequent switching between simultaneous measurements at either 1.38 and 2.37 GHz, or at 4.79 and 8.64 GHz, using a bandwidth of 128 MHz split into 32 channels. A further 7 h of observation using all six antennas on 2005 Apr. 13 UT (JD = 2453474) was obtained, but only at 4.79 and 8.64 GHz. Being just 3 degrees away from SN 2005at, the ATCA primary flux calibrator B1934-638 was able to be used to determine both Notes. The errors are given in brackets. Coordinates are taken from the USNO-B1.0 Catalog (Monet et al. 2003) . gain and phase variations with time, as well as provide a bandpass calibration. The uv-plane data for each frequency band and epoch were flagged for outliers automatically then calibrated using tasks in the Miriad package (Sault et al. 1995) . For the imaging robust weighting was employed to deliver the best compromise between the minimal sidelobes produced by uniform weighting, and the minimal noise achieved with natural weighting. The images were cleaned to an rms noise level ∼0.05 mJy at the higher frequencies, and ∼0.15 mJy at the lower frequencies. The imfit task was used to fit a point source at the expected location of SN 2005at, yielding the fluxes (or upper limits) in Table 3 . The uncertainties in Table 3 come from the quadrature sum of the image rms and a fractional error on the absolute flux scale in each band (Weiler et al. 2011 ).
Analysis
Optical photometry
In Fig To estimate the line-of-sight host galaxy extinction of SN 2005at from the observed light curves, we apply a similar analysis to that recently presented in Kankare et al. (2012 Kankare et al. ( , 2014 . In the applied method, the observed light curves of SN 2005at are simultaneously compared to those of well-sampled reference SNe that are assumed to be intrinsically similar to SN 2005at. By minimising the χ 2 value three free parameters are derived for SN 2005at via the comparison, namely host galaxy extinction A V , the discovery epoch t 0 , and a constant C describing the difference in absolute magnitude between the two SNe in all the bands. If the comparison SN has a very low and/or well-defined line-of-sight extinction this is a very useful approach when studying SNe with relatively high line-of-sight extinctions. In particular, the method is superior compared to approaches making use of empirical relations between the equivalent width of the Na i D absorption features and line-of-sight extinction, especially when only low-resolution spectra are available, which is known to be problematic for high extinctions (e.g. Poznanski et al. 2011; Phillips et al. 2013) .
The random photometric errors of the light curves used contribute to the χ 2 value of the fit, however the applied method is not very sensitive to these errors when the comparison light curve is well sampled. Furthermore, the SN 2005at data points E. Kankare et al.: SN 2005at -A neglected type Ic supernova at 10 Mpc are weighted based on their error from the χ 2 fit. The systematic errors in the light curve arise from a combination of uncertainties in the explosion date, line-of-sight extinction, and distance of the comparison SN, which directly affect the derived parameters t 0 , A V , and C, respectively, and are taken into account. We specifically note that the errors in the distances both to SN 2005at and to the comparison SN affect only the constant C and do not affect the extinction estimate.
Due to the very similar R-band evolution, the well-sampled light curves of the nearby type Ic SN 2007gr were used as a template in the multi-band comparison. Both SNe 2005at and 2007gr exploded in seemingly normal spiral galaxies and we consider in our analysis only the Cardelli et al. (1989) extinction law with R V = 3.1, which is widely accepted to describe well the dust reddening conditions in normal galaxies. We adopt a Galactic extinction of A V = 0.118 mag from Schlafly & Finkbeiner (2011) In fact, the comparison yields a good match between the two SNe over all the available wavebands and over the whole time range with obtained data. Theχ 2 = 5.3 of the fit is small, though not unity. It is likely that the systematic differences in the I and U bands dominate theχ 2 value, reflecting the small intrinsic differences between the SNe. The epoch is set based on the estimated peak of the R-band light curve, similar to Fig. 3 . 
Classification spectrum
Based on the light curve analysis, the classification spectrum was obtained roughly 11 days after the R-band peak. Assuming similar light curve evolution for SNe 2005at and 2007gr this corresponds to roughly 15 days after the B-band peak and 26 days after the explosion. The spectrum shown in Fig. 6 is dereddened based on the light curve analysis and wavelengths rest-frame corrected with a redshift z = 0.002805 (Koribalski et al. 2004) , and is compared to a selection of stripped-envelope SNe at similar Fig. 7 illustrating the extinction effects and the similarity between SNe 2005at and 2007gr. We also carried out a comparison between the spectrum of SN 2005at and the SN 2007gr spectrum ∼11 days after the peak, however, the wavelength range of the comparison is more limited and it also yielded a poorer fit. It is also possible that our estimate for the date of the R-band peak of SN 2005at is slightly later than the actual R-band maximum.
The striking similarity between the spectra of SNe 2005at and 2007gr allowed for the adoption of the line identifications from the comprehensive studies of SN 2007gr. In Fig. 8 One of the main differences between the two very similar spectra are the slightly weaker C i features, though the C i line at 9658 Å is close to identical. However, we note that telluric absorption features can also have an effect on the line profiles in this region of the spectrum.
Comparison of other lines shows that the two SNe have very similar Ca ii NIR triplet and O i λ7774 features, however the latter line is likely affected by telluric absorption. Crockett et al. (2008) noted the presence of narrow P Cygni lines as a distinctive characteristic of SN 2007gr, absent in many other type Ib/c SNe, however, the spectrum of SN 2005at also shows very similar lines of e.g. Fe ii λλ4924, 5018, 5169 and Sc iiλλ5552, 5658. Also the Si ii λ6355 appears to be still present in the spectrum. We calculated the velocities of the spectral features from the blueshifted positions of the absorption minima. Similar to SN 2007gr roughly two weeks after the optical maximum, the majority of the P Cygni features suggest a velocity of ∼6000 km s −1 , with the exception of the Ca ii lines arising from the higher velocity outer ejecta at ∼11000 km s −1 , and Si ii λ6355 and Mg ii λ4481 features tracing the photospheric expansion velocity of ∼4000 km s −1 .
Radio data
SN 2005at appears to be less luminous in the radio than other type Ib/c SNe with well-sampled radio data (see Salas et al. 2013, and their similar optical evolution to SN 2005at, peaked in the radio very early (t < 10 d) at 10 26 erg s −1 Hz −1 at ∼5 GHz, followed by a rapid decline (Soderberg et al. 2010 ). The observations of SN 2005at are consistent with a similar fast radio evolution. The SN was likely already past the radio peak and in its optically thin phase at 2.37, 4.79, and 8.64 GHz during the first epoch of observations (JD = 2453460), ∼1.2 months from the explosion. At 1.38 GHz the SN was likely close to the peak, perhaps already in its optically thin phase. The two-point spectral index α between 1.38 and 2.37 GHz is steep (∼ −1.5 +0.7 −0.9 , assuming S ν ∼ ν α , where S is the flux density and ν is the frequency) but this might not be representative of the optically thin part, as the 1.38 GHz emission could still be affected by either synchrotron self absorption or free-free absorption. Additionally, we note that a proper estimate of the spectral index requires the use of flux densities from maps with matched resolutions, and owing to the use of only four antennas in the first radio epoch, we have a very limited uv-dataset that would allow such an exercise. Consistent with the decline in flux at higher frequencies, the follow-up yielded only upper limits at 4.79 and 8.64 GHz ∼1.7 months after the explosion.
Late-time observations
Mid-infrared images
The SN 2005at host galaxy NGC 6744 was observed with the Spitzer Space Telescope using the Infrared Array Camera The 2012 images were aligned to match the observations from 2006 and a careful visual inspection revealed no point source apparent at the SN location. We therefore used the latetime observations at 3.6 and 4.5 µm as reference images for image subtraction to remove the strong background contamination present at the location of SN 2005at, using a slightly modified version of the isis 2.2 package (Alard & Lupton 1998; Alard 2000) . The image subtraction package carries out a convolution of the better seeing image to match the count levels and the PSF to that of the worse seeing image. Aperture photometry with the Starlink package Gaia 5 was then performed in the subtracted images. In the 5.8 and 8.0 µm images for which no reference images were available we used the SNOOPY 6 PSF fitting package to measure the SN flux in the unsubtracted images. For this the SN position was fixed to the coordinates determined from the subtracted images. Aperture corrections were applied to the measured fluxes following the IRAC Instrument Handbook (version 2.0.3). At 3.6 and 4.5 µm the photometric uncertainties were estimated as the standard deviation of the fluxes measured with an identical aperture as used for the SN photometry at nine positions close to the SN position in the subtracted images. At 5.8 and 8.0 µm the photometric uncertainties were estimated by simulating and PSF-fitting nine point sources in the images close to the SN position. The mid-infrared (mid-IR) SN magnitudes are reported in Table 5 .
Whereas the mid-IR evolution of several nearby type IIP SNe (e.g. Kotak et al. 2009; Meikle et al. 2011 ) has been obtained with Spitzer, similar observations of normal type Ib/c SNe have not been extensively carried out. We note that Kochanek et al. (2011) reported the early mid-IR photometry of SN 2007gr, obtained a couple of weeks after the optical maximum, and found the observations to be consistent with 5000 K black body emission. However, no late-time mid-IR observations of SN 2007gr are available for comparison with SN 2005at. To our knowledge the Spitzer observations of SN 2005at reported here, are the only late-time (> 1 yr) mid-IR data of a type Ib/c SN published to date.
The observed mid-IR spectral energy distribution (SED) of SN 2005at cannot be reasonably fitted with a single black body (see Fig. 11 ). The high 3.6 µm flux cannot be explained by molecular emission. For example CO fundamental band emission, prominent in some CCSNe, can be identified as an excess at 4.5 µm (see Kotak et al. 2006) , however, no such feature is present in SN 2005at. Therefore, we explore a two-component model which, with four free parameters, yields for the hot component T hot = 1400 K and R hot = 5.0 × 10 14 cm which is not physically reasonable and likely reflects overfitting of the data to the Rayleigh-Jeans tail of the black body. However, the SED fit suggests the possibility that the mid-IR emission is arising from both a hot interstellar light echo component and a cool dust associated component. To avoid overfitting the data, we adopt a canonical CCSN peak luminosity colour temperature of T hot = 10000 K for the presumed hot light echo component. The effect of this on the temperature of the cool component is ∼10 per cent compared to the fit with four free parameters and yields T cool = 340 K and R cool = 1.6 × 10 16 cm. The cool 340 K component is consistent with dust formation in the ejecta expanding at ∼3000 km s −1 . However, we cannot fully rule out contamination by an unrelated background/foreground source to SN 2005at fluxes in the 5.8−8 µm range since we do not have reference images at these wavelengths (see e.g. Spitzer observations of SN 2002hh; Meikle et al. 2006) .
Mid-IR observations of CCSNe have previously revealed thermal IR echoes, from e.g. SNe 2003gd (Meikle et al. 2007 ), 2004et ), and 2004dj (Meikle et al. 2011 ). However, this might be the first case of a non-thermal interstellar light echo observed at mid-IR. Furthermore, unlike with nearby type II SNe, thermal IR echoes from pre-existing dust or dust formation in the ejecta, are not commonly observed features in normal type Ib/c SNe, with some rare exceptions such as SNe 1982E and 1982R (Graham & Meikle 1986 ) and 1990I (Elmhamdi et al. 2004 ). In the case of the peculiar Ibn SN 2006jc the near-and mid-IR properties were explained as a combination of newly-formed and pre-existing dust in the circumstellar medium (e.g. Mattila et al. 2008) . However, the rarity of nearby type Ib/c SNe and the lack of suitable observations might also explain in part why light echo and dust formation observations in type Ib/c SNe are not commonly reported. In the follow-up of SN 2007gr, Hunter et al. (2009) found no evidence of dust formation, based on the near-IR light curve and colour evolution and optical spectra, out to ∼1.1 yr. However, their extensive follow-up did not cover a comparable epoch to that probed by the Spitzer data of SN 2005at.
HST post-explosion images
The HST archive contains multiple epochs of observations of NGC 6744, however, none of the pre-explosion images obtained with multiple different instruments onboard the HST cover the explosion site of SN 2005at, as already noted by Smartt et al. (2009) . However, the explosion site of SN 2005at The alignment was carried out using the WFPC2 mosaic, instead of just the PC chip image on which SN 2005at lies, as the latter has too small a field of view to be matched against the DFOSC image. 25 sources common to both frames were identified, their pixel coordinates were measured in both frames, and a geometric transformation between the two was derived using IRAF geomap, with an rms error in the fit of 50 mas. We then aligned the WFPC2 mosaic (which has been resampled to a uniform pixel scale of 0.1 ′′ /pix) to the PC chip image on which we performed photometry. The same technique as before was used, with an rms error in the alignment of 15 mas. We can hence locate the position of SN 2005at on the PC chip to 52 mas, or ∼1 PC chip pixel.
We find a point-like source coincident with the transformed position of SN 2005at on the WFPC2 F555W image, see Fig. 12 . We used the HSTphot package (Dolphin 2000) to carry out PSF fitting photometry on this source. The source is detected in both F555W and F814W at a combined significance of 10σ, and has χ = 1.31, a sharpness of −0.29 and an object type classification from HSTphot which are consistent with a point source, which should have χ < 1.5 and a sharpness parameter between −0.3 and +0.3. We measure magnitudes of m F555W = 24.62±0.16 mag and m F814W = 23.67 ± 0.14 mag in the HST Vegamag system, which correspond to Johnson-Cousins magnitudes of m V = 24.59 ± 0.16 mag and m I = 23.64 ± 0.14 mag. The identity of the source is ambiguous, with several plausible possibilities:
-The source is SN 2005at. The V-band magnitude, m V = 24.62 mag, is broadly consistent with the decline rate of 0.0098 mag d −1 expected from the radioactive decay of 56 Co, and starting close in time to the SALT observations (171 days from the explosion). However, this would imply that the ejecta is still opaque to γ-rays after nearly 2 years. Only 1-2 M ⊙ of ejecta was estimated for SN 2007gr (Hunter et al. 2009; Mazzali et al. 2010) , and assuming the same ejecta mass it is implausible that SN 2005at would be fully trapped this long. In fact the observed V-band decline rate of SN 2005at in the early tail phase is much steeper and extrapolation of the light curve would suggest SN 2005at to be several magnitudes fainter than the observed source. Therefore, we find it very unlikely that the source is SN 2005at.
-The source is a binary companion to SN 2005at. If the source is a binary companion to SN 2005at, then it should suffer from the same reddening as the SN. The source would then be intrinsically extremely luminous and consistent for example only with the most luminous Wolf-Rayet stars (Massey 2002; Eldridge et al. 2013 ).
-The source is a light echo of SN 2005at. Given that SN 2005at suffers from a relatively high level of extinction, it is plausible that this dust could give rise to an unresolved light echo at t ∼ 2 years, as seen e.g. in the case of SN 2007od and SN 2007it (Andrews et al. 2010 (Andrews et al. , 2011 . In this scenario the red colour of the source is due to the colour of SN 2005at at peak, which will contribute most of the flux to the light echo. Assuming a FWHM of a point source is ∼1.5 PC chip pixels, we only resolve sources larger than b ∼ 3.5 pc at the distance of SN 2005at. We can estimate the maximum distance l of the dust cloud from the SN giving rise to the possible light echo (see e.g. Liu et al. 2003) to be
Future high-resolution observations would assist substantiating the light echo scenario since we would expect a light echo to have changed in luminosity by now. Spitzer observations of SN 2005at at ∼1.6 yr (Sect. 5.1) are also consistent with a light echo. -The source is an unresolved cluster. We cannot exclude the source from being a compact cluster on the basis of the source being point-like. For example a cluster like G293 (Williams & Hodge 2001) in M31 with V ∼ −7 mag and r ∼ 3 pc would be consistent with our observations and has an age of ∼60 Myr. Unfortunately the V − I colour is a poor diagnostic of cluster age (see Valenti et al. 2011 , for an example), however, with future observations a clear test between these two most likely scenarios could be carried out. Also, with possible HST U and B-band photometry, the age of the cluster could be accurately constrained (as these filters probe the young and hot stellar population). -An unrelated source. We note that the observations do not allow us to completely exclude an unrelated source located on the line-of-sight by chance. Fig. 12 ) makes us wary of attempting to fit a model stellar population to the photometry, as it is most likely not a single, coeval cluster.
We also searched all publicly accessible data archives of ground based telescopes for further imaging which may be of use in constraining the progenitor of SN 2005at. Unfortunately, as the images available are of much poorer resolution than the HST data (sources A and B were blended), we were unable to use them to further constrain the progenitor environment. We downloaded these raw narrowband images of NGC 6744 from the European Southern Observatory (ESO) Archive, carried out standard bias and flat-field corrections, and aligned individual frames. The final combined on and off-filter images were subtracted from each other using the isis 2.2 package to remove the underlying continuum level from the total emission observed with the on-filter. ′′ /pix). 20 stars common in both images were used to derive a general geometric transformation using the geomap and geotran tasks in IRAF, with a rms error of 30 mas. The result is shown in Fig. 13 . SN 2005at is found to be close to a source appearing slightly extended in the continuum subtracted He ii image. The offset between SN 2005at and the centred position of the line emission source is measured to be roughly 0.22 ′′ , i.e. less than a pixel. The observed line emission is likely arising from a cluster or clusters which host Wolf-Rayet stars with prominent helium and carbon lines. Such stars are expected to be progenitors of at least some stripped-envelope SNe. We cannot exclude SN 2005at from being associated with this region. We note that the narrowband images have been obtained in such a late stage that any contribution from line emission arising from the SN would be negligible.
We also aligned the FORS1 He ii λ4684 on-filter image to the WFPC2/PC F555W image (Sect. 5.2). 12 sources were identified in common to both frames, and an rscale transformation was derived between the two frames with an rms error of 60 mas (1.2 PC chip pixels). We find the emission as measured in the continuum subtracted He ii image to be centred on a position between source A and B, approximately 0.25 ′′ from SN 2005at. The He ii flux is coincident with a source detected by HSTphot, and classified as extended with a magnitude and colour of m V = 24.21 ± 0.01, V − I = 0.21 ± 0.01. All the images were reduced using standard IRAF based techniques. In all the cases the reference images had superior seeing compared to the pre-explosion images. Aligned reference images were subtracted from the precursor images using the isis 2.2 package. This resulted in smooth subtractions at the explosion site of SN 2005at in all the studied wavebands, and showed no signs of a disappearing source. We 
Ground-based pre-explosion images
Conclusions
With the multi-band light-curve comparison we derive a host galaxy line-of-sight extinction of A V = 1.9 ± 0.1 mag for SN 2005at at 9.5 Mpc. Based on the available photometric data and assuming the above mentioned extinction, we conclude that We recover SN 2005at in four mid-IR bands of Spitzer archive images ∼1.6 yr post-explosion and find the emission consistent with a combination of a light echo and newly-formed dust in the ejecta. The study of the late-time high-resolution HST images revealed a faint point source coincident with the explosion site of SN 2005at ∼2.1 yr after the SN explosion. We find the unresolved source to be most likely either a declining light echo of the SN or a compact cluster. However, we cannot fully exclude an extremely luminous companion star of the SN 2005at progenitor, or an unrelated object as being the source of the latetime emission. Based on ground-based narrow-band imaging, we find the SN 2005at explosion site to overlap with an extended region of observed line emission at 4684 Å, consistent with helium and/or carbon emission of Wolf-Rayet stars. Analysis of the ground-based pre-explosion images yielded only shallow upper limits for the SN 2005at progenitor star and could not be used to constrain the nature of the progenitor.
Detailed studies of nearby and reddened SNe -both categories into which SN 2005at falls -are encouraged due to the importance of these SNe for estimating extinction and missingfraction corrections for studies of SN rates. Furthermore, various statistical studies of SNe aim to use local volume limited SN samples which are as complete as possible.
